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ABSTRACT
A vaccine from broth cultures of Trichophyton
mentagrophytes was prepared by a technic
designed to minimize destruction of antigenic
material. This material was incorporated into a
salve base and used for treatment of human
volunteers. As controls, one group of subjects
were treated with a similar preparation made
from an Alternaria strain, and a third group with
the salve base alone. The experiment was ran-
domized with respect to the subjects and to the
three salve preparations.
After four weeks of treatment, the subj eets
were exposed to experimental infection by T.
mentagrophytes. Statistical analysis of the results
indicated that acquired resistance developed in
those subjects treated with the T. mentagrophytes
antigen.
A method to immunize guinea pigs locally
against infection with Trichophytort mentagro-
phytes was described recently by Keeney and
Huppert (3). A mixture of intracellular and
extraeellular antigens from broth cultures of
one virulent strain of T. mentagrophytes was
prepared by a technique (3) designed to minimize
alteration of the natural antigenieity of the
living fungus. Guinea pigs were treated topically
with this antigen for six weeks and then the
animals were challenged with the homologous
fungus. The immunized animals exhibited re-
sistance to the infection and because of this an
experiment using human volunteers was planned.
The purpose of this article is to report on the
results of the effectiveness of local immunization
in humans against an infection with Trichophyton
mentagrophytes.
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There were 2 parts to the experiment: 1) a
small number of volunteers were immunized and
infected and the results appraised; 2) the experi-
ment was repeated on a larger number of volun-
teers according to a predetermined statistical
design.
METHODS
A. Preparation of Treatment Salves
One virulent strain of Trichophylon menta-
grophytes was used to produce the antigen and the
infection. This was the same strain employed in
the experiments on guinea pigs (3). The fungus
was grown for six weeks in the liquid medium of
Keeney and Eriksen (2). The dense fungous mat,
which covered the surface of the broth, was ho-
mogenized at 5° C to a single cell suspension,
dried, and ground to a fine powder in an Abbe ball
mill at 5° C (3). This material will be referred to,
hereafter, as TMA (Trichophyton nientagrophytes
antigen).
A culture of Alternaria sp. was used as a source
of heterologous antigen. This strain had been
employed previously for the preparation of an
extract that had been used successfully for deter-
mining the presence of inhalant allergy in humans
(1). The Alternaria antigen was prepared exactly
as TMA, and will be referred to, hereafter, as AA
(Atternaria antigen).
In the first part of this study only TMA was
used. An ointment of 0.5 per cent concentration
TMA by weight in a carbowax base was prepared.
The ointment for the controls of this experiment
was the same carbowax base without antigenic
material.
In the second part of the experiment both TMA
and AA were used. Each powder was dissolved
separately in a hydrophilic ointment base in a 5
per cent concentration by weight (ten times the
concentration used in the first part). The ointment
control was the same hydrophilic ointment base
without antigenic material.
B. Treatment of Volunteer Human Subjects
All subjects were male volunteers who had no
clinical evidence of dermatophytosis of the feet.
Furthermore, from each subject, slides and cul-
tures on Sabouraud's maltose agar were made
respectively for hyphae and dermatophytes. Those
with either positive slides or cultures were ex-
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eluded from the experiment. In addition, the
volunteers in the second part of the study were
given patch tests to reveal any sensitivity to the
three salves. A subject exhibiting hypersensitivity
to any one of the salves was excluded.
The regimen of treatment was the same in both
parts of the experiment. Each subject was in-
structed to massage a small quantity of ointment
into the skin of the fourth toeweb, along the
opposing and under surfaces of the fourth and
fifth toes, and into the area bordering these sites
on the sole of the foot for one minute every night
at bedtime. Labels on the ointment jars directed
that the application was to be made on the right
or left foot. All the test subjects continued treat-
ment for four weeks. During this period there
were no other changes in the daily habits of the
individuals.
C. Design of Experiments
In the first part, nine subjects who were free of
demonstrable superficial fungous infection by
slide and culture, were selected. The TMA prepa-
ration was applied to the right foot of each subject
and the control salve to the left foot. At the end
of the four-week treatment period each foot was
exposed to an infection by the method described
below.
In the second part, the experiment was designed
in the following manner. A total of thirty volun-
teer subjects were selected from among those who
did not have a superficial fungous infection and
who were not patch-test-sensitive to any of the
three salves These individuals were divided into
ten groups of three subjects, each group repre-
senting a replication of the others. Each subject
was considered for two treatments; one for the
left foot and one for the right foot. Every subject
was to receive two of the three preparations and
these two preparations were to be different from
each other. Each of the two preparations was
labeled with a number and a designation of either
left foot or right foot.
To reduce the possibility of bias in the selection
of subjects or in the distribution of the jars con-
taining the salve preparations, each group was
randomized. Thirty cards were numbered from one
to thirty and then mixed together ten times.
These were placed in a pile. As each subject passed
the two screening tests he was assigned the top
card from the pile, and his name was entered
opposite the card number on a separate master
list. Thereafter he was referred to only by number.
The sixty jars containing the three preparations,
twenty jars of each, were mixed together in a big
box, selected at random, and numbered from one
to sixty. The jars were separated again into three
TABLE I
The randomization of treatments within eech group
of three subjects
Subject
Preparation used on
Left Foot Rigbt Foot
1
2
3
TMA AA
Control TMA
AA Control
groups representing each of the three prepara-
tions. Then the jars were matched to the thirty
card numbers so that each group of three cards
(subjects) received two jars of each preparation.
Each card in the group received two different
salves and the two jars of the same salve were
marked for left foot and right foot. The final
distribution for each one of the ten replicate
groups is indicated in Table I. Therefore, within
each group, each ointment was paired against the
other two, and each jar of ointment was repre-
sented by a random number so that the investi-
gators themselves could not determine which
preparations were being used on an individual
subject without referring to the master list.
D. Infection of Volunteer human Subjects
At the end of the four week treatment period
the treated sites were washed thoroughly with
soap and water followed by wiping with 70 per cent
aqueous ethanol. After drying, the fourth web of
each foot was roughened slightly with a gauze
pad. A cylindrical one inch disk of a two week
growth of T. mentagrophytes was cut out with a
15 cork borer. This disk was placed in the fourth
web of each foot, covered with cotton, and then
the fourth and fifth toes of each foot were strapped
together with adhesive tape. The inoeulum was
removed after two days. The subjects were in-
structed to continue with their normal daily
habits and they were observed daily for the prog-
ress of the infection. Slides and cultures were
made at intervals on all subjects during the second
and third weeks after exposure to the infection.
RESULTS
A. First Part
Since this group consisted of only nine subjects,
no statistical significance can be attached to the
results. The following observations were noted.
No allergic reactions to the 0.5 per cent con-
centration of antigenic material developed in
any of these subjects.
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Of the subjects treated and experimentally
infected, two did not develop any clinical, micro-
scopic, or cultural evidence of an active infection
on either foot. Of the remaining seven, all de-
veloped active fungous infection as demonstrated
by positive slides and cultures; two showed no
difference in the degree of infection between the
control and treated foot, and five showed a
more clinically active and progressive infection
on the control foot as compared to the treated
foot.
In microscopic preparations from the treated
foot of positive cases, the fungus appeared as
short filaments or hyphal fragments, and not
many of these fungous elements could be found.
On the other hand, the preparations from the
control foot revealed long filaments of fungus
present in abundance.
On the control foot the lesions appeared moist,
soggy, and maccrated with a tendency toward
active spreading and fissuring. On the treated
foot the lesions appeared dry and scaly with
little or no tendency toward spreading and
fissuring.
B. Second Part
Of 81 subjects who volunteered, only 31 passed
the two screening tests. One of these was dropped
from the experiment. Of the 50 volunteers who
failed to pass the tests, only two were eliminated
because of hypersensitivity and this was to the
TMA patch test.
During the treatment period, 6 subjects de-
veloped a reaction. This occurred only in one
site and TMA had been used in every instance.
The reaction consisted of a heavy maceration of
skin in the web and treatment was stopped im-
mediately. These reactions appeared during
the third week of treatment and healed spontane-
ously within one week after the treatment was
stopped. Repeated microscopic and cultural ex-
aminations of the areas involved were negative.
These six subjects were not included in the final
statistical analysis of the results. (See Tables
II and III).
At the end of the treatment period each subject
in the experiment was asked to write on a blank
card the number of times he had missed treat-
ments. Any means of identifying these cards were
avoided to favor an unbiased response. There
were only four eases in which four or more treat-
ments were missed.
TABLE II
Distribution of treatments and results of challenge
infection in all subjects by replicate groups
.Group SubjectNo. No.
I 1
2
3
Treatment Infection
Left
TMAt
AAf
Control
Right
Control
TMA
AA
Left
—
—
—
.Right
+
—
—
II 4
5
6
AA
TMA
Control
TMA
Control
AA
+ +
(Reaction) *
+ +
III 7
8
9
Control
AA
TMA
AA
TMA
Control
+ —
+ —
(Reaction) *
IV 10
11
12
Control
TMA
AA
AA
Control
TMA
—
—
+
+
—
—
V 13
14
15
AA
Control
TMA
TMA
AA
Control
—
+
—
+
+
—
VI 16
17
18
TMA
Control
AA
AA
TMA
Control
— +
(Reaction) *
— —
VII 19
20
21
Control
TMA
AA
AA
Control
TMA
+
—
+
+
+
—
VIII 22
23
24
AA
Control
TMA
Control
TMA
AA
+
+
—
—
—
—
IX 25
26
27
TMA
Control
AA
Control
AA
TMA
(Reaction) *
+ +
(Reaction) *
X 28
29
30
AA
Control
TMA
TMA
AA
Control
(Reaction) *
— —
— —
* Not included in final analysis
f TMA and AA indicate subjects treated with
T. mentagrophytes and Alternaria antigens re-
spectively.
The chi square test of significance was used to
determine whether the differences between the
preportions that responded positively (or nega-
tively) to the three treatments were likely to have
occurred by chance. The probability of the three
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TABLE III
Summary of results of challenge infection in
alt subjects
Treatment with
Number responding to infection
Positive Negative
TMA* 2 12
AAt 11 7
Control 8 8
* TMA signifies subjects treated with Tn-
chophyton mentagrophytes antigen.
t AA indicates subjects treated with similar
antigen prepared from a species of Allernania.
proportions differing among themselves as much
or more than they did when there is actually no
difference between the three treatments is of the
order of 1 chance in 50. However, when the pro-
portion responding with positive infection to AA
is compared to that for the control (61% to 50%)
this large or larger difference can occur by chance
alone over half the time. This suggests that there
is no difference in the response obtained from
these two preparations and that the nonspecific
antigen did not cause any change in resistance to
the fungous infection. It is possible then to con-
sider treatment with these two preparations as
one large control group and to compare the
proportion responding to the TMA group (14%)
with that of the combined AA and control groups
(56%) When this is done, the probability of so
great a difference occurring by chance alone is
less than 1 chance in 100. This leaves little doubt
that the TMA treatment caused a specific change
in the skin treated, thereby resulting in an in-
crease in the resistance of these regions to homolo-
gous fungous infection.
nISCUssION
The results of these investigations indicate that
it is possible to increase the resistance of the
superficial skin to fungous infection by treatment
with an antigen prepared as reported previously
(3). One might question whether this increased
resistance is a result of specific immunization or
of a non-specific effect. Neither possibility has
been proven definitely, but the results obtained
would indicate that the former is the more likely
explanation. Both the homologous (TMA) and
the heterologous (AA) antigens were prepared
by the identical technic. Yet statistical analysis
indicated that there was no difference in response
of subjects treated with AA, as compared to the
control subjects, while a significant difference
was apparent between subjects treated with
TMA and the control subjects.
On the other hand even though all subjects
initially were not demonstrably sensitive to
patch tests with the three preparations, it is
possible that some of the individuals had a sub-
clinical response when exposed to antigen by this
technic. If such were the case, then the tissue
changes which ensued might account for the
resistance to challenge infection. This point would
have to be clarified by further study before one
might consider that the results reported here
represent the production of highly localized
specific resistance to infection.
The six eases which developed reactions to the
treatment with the TMA present a problem for
consideration. Allowing for the time when these
reactions developed, the character of the reac-
tions, the rapidity with which they healed by
eliminating exposure to antigen, and the negative
microscopic and cultural results, it is possible that
these reactions were allergic. One additional fact
of importance is that the six subj ects gave nega-
tive reactions to patch tests applied to the fore-
arm as in the screening test. It might be possible
to avoid this undesirable reaction to the antigen
by reducing the concentration of TMA used in
the ointment base, but this would be a matter
for further study. It is a situation analogous to
the experience with guinea pigs as recorded in an
earlier report (3). With guinea pigs all the animals
developed hypersensitivity reactions when
treated with a 5 per cent preparation of the TMA.
Reducing the TMA concentration to 1 per cent
eliminated almost all these reactions and with
0.25 per cent TMA no reactions occurred.
sUMMARy
A mixture of intracellular and extracellular
antigens from broth cultures of one virulent
strain of Tnichophyton mentagrophytes was pre-
pared by a technic previously described by
Keeney and Huppert (3). The preparation of
antigenie material, carried out in the cold, in-
volved homogenizing the fungous growth in its
broth, drying the resultant suspension, and
grinding the powder in a ball mill until the
viability of the fungus had been destroyed. The
final dry powder was made into an ointment. The
ointment base alone and an antigen prepared
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from a species of Alternaria and incorporated in
ointment base were used as controllable materials.
Male volunteers were treated with the three
ointment preparations for a period of four weeks,
and then challenged to a possible infection by
T. mentagrophytes. Statistical analysis of the
results indicated that acquired resistance de-
veloped in those subjects treated with T. menta-
grophytes antigen.
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